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   Abstract- We have analyzed and discussed the issues arising in 
the design of Silicon - on - Insulator (SOI) wavelength filters with 
different types of device geometry.  Microring and microdisk 
geometries have been chosen as the device configurations and in 
order to demonstrate the device performance and potential, Free 
Spectral Range (FSR), and Q-factor values are computed. Studies 
of the transmittance characteristics are carried out using Finite-
Difference Time-Domain (FDTD) methods by RSOFT Software. 
Results show that the microring-based wavelength filter has a 
FSR of 1.4 THz and a Q-factor value of 486. On the other hand, 
the microdisk based filter has a broader FSR with slightly smaller 
Q-factor. 
I. INTRODUCTION
 Over the years, photonic circuits have been established as a 
promising platform for realizing densely integrated optics. To 
date, a variety of photonic components that emit, split, couple, 
guide and detect light on a chip have been demonstrated both 
on silicon and related materials [1-2]. Microresonators based 
on semiconductor waveguides are increasingly gaining 
attention due to wide applications such as wavelength filter, 
switch, sensor and modulator [3- 4]. These devices offer a 
numerous advantages to integrated circuits applications, such 
as, compactness, easy design and simpler structures. 
Microresonators have been utilized to develop add-drop 
wavelength filter with superior filter characteristics such as 
flat-top passband and sharp roll-off. 
  There are many materials have been mainly applied as a 
platform for resonator fabrication; polymer, GaAs/AlGaAs,
Si3N4/SiO2 [5-6], and so forth. However, our work has focused
on SOI owing to its excellent properties such as high-index 
contrast, low-cost, as well as compatibility with current silicon 
fabrication facility [7-9]. 
It is known that by changing the geometrical structures or 
configuration of the resonator, the transmittance characteristics 
of the device can be altered. Thus, choosing appropriate 
configurations is critical to ensure an optimum resonator 
design to be used in very large-scale optical integrated circuits. 
Common geometries of microresonators are spheres, disks, 
rings and capillaries. Here, we concentrated on microring and 
microdisk configuration as illustrated in Fig.1.
The purpose of this paper is to investigate the influence of 
the resonator geometry as one of the important feature in 
resonator design, where microring and microdisk 
configurations have been chosen for analysis, simulation and
characterization.
In this paper, FDTD numerical simulations are employed to 
qualify key design parameters of single mode microring and 
microdisk based SOI filter. We have described the device 
designs for the filters modeling. The relationship between the
device geometry and the transmission characteristics are
diccussed.
II. DEVICE CONFIGURATION AND THEORY
Fig.1 shows schematically the design configurations for the 
proposed add-drop wavelength selective device. The devices 
studied in this work are designed to have a cross section of 
!"#$%&'&!"#$%&()&*(+&(,&!"-!$%&./0123&('132&45620 71*8&9$%&
ring radii. The gap size between bus waveguide and circular 
waveguide is 300nm, the waveguide width of 400nm and ring 
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Fig.1. Schematic diagram of microresonator geometry (a) microring (b) 
microdisk
  Theoretically, power transmission outputs at the through 
port and the drop port for the first order filter can be predicted 
by [10]:
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is the power coupling 
coefficient between the bus waveguide and the resonator, and 
?
2
p is the propagation power loss coefficient per round trip in 
the microring resonator.
By employing the FDTD software, the input signal is 
applied at the input port, while the output signal will be traced 
either at the drop or through port; depends on the resonance 
@()31*1()"&A,&*82&75<242)=*8>&:o fulfills the resonant condition, 
5;&32,1)2;&.24(7>& *82& 1)+/*& ;1=)54&71*8&75<242)=*8&:o will be 
coupled into the circular waveguide and all others will be 
suppressed [11].
                                       oeff mLn %.                                   (3) 
where neff is the effective index of the circular waveguide, L is 
the length of the ring, and m is an integer. 
  The frequently observed properties of optical wavelength 
filter are Free Spectral Range (FSR) and quality factor (Q-
factor). FSR is one of the key parameters of the microresonator 
filters, which can be calculated by[12]: 
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where R is the ring radius and LC is the coupler length. From 
the transmission spectrum, the FSR can be estimated by 
observing the difference between two consecutive resonant 
peaks. Wide FSR is demanded in the integrated optics whereby 
more channels can be accommodated. 
Another important parameter of microresonator wavelength 
filter is the Q-factor. In general, Q-factor can be used to predict 
the resonator’s ability to circulate and store input signal. The 
Q-factor is determined from the following equation [13]:
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where ngr is the group velocity, Leff is the 2,,2@*1<2&42)=*8>&B&1;&
the field attenuation and t is transmission coefficient. 
  
III. RESULTS AND DISCUSSION
To characterize the proposed optical wavelength filter, TE- 
light was coupled into the input port and the response at the 
output port was measured where the output was scanned from 
wavelength 1554nm to 1556nm. The device was designed to 
operate for TE mode of polarized light. The refractive indexes 
applied in the simulations were 3.47, 1.45 and 1.0 for Si, SiO2
and air, respectively.  Fig.2 and Fig.3 depict the 2D simulations 
of light transmission for both filter topologies with the shaded 
bar on the right side represents linear scale of light energy. 
From both figures, we can see that at the on-resonance state, 
most the input signal is evanescently coupled to the circular 
waveguide and directed to the drop port depends on the 
resonance frequency; where there is comparably low power at 
the through port. On the other hand, at the off-resonance state, 
the input signal bypassed the circular waveguide and emitted at 
the through port, and less power appeared at the drop port.
                         (a)                                                           (b)
Fig. 2. Light transmission in microdisk based filter (a) ON- resonance state
(b) OFF-resonance state
(a) (b)
Fig. 3. Light transmission in microring based filter (a) ON- resonance state
(b) OFF-resonance state
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Fig. 4. Output response of (a) microring based filter (b) microdisk based filter
The resultant transmission response at the through and drop 
port for both designs with the same radius of curvature are
presented as in Fig. 4. In Fig.4 (a), the filter was resonated at 
wavelength 1544nm and 1556 giving the FSR of 11nm or 1.4
Thz. The FSR value obtained is sufficient for a filtering 
applications, as it represents the spectral bandwidth of the 
system to be utilised. At 1544nm resonance wavelength, the Q-
factor value calculated is 486.  
The same trend is observed in case of microresonator with a 
microdisk geometry, as depicted in Fig. 4(b). We note that the 
microdisk geometry contributes less output power at the drop 
channel. This is due to weaker mode confinement in the disk 
structure, as compared to ring structure. This phenomenon is 
called substrate leakage loss, thus leads to signal attenuation. 
  As seen from the figure, the locations of the two highest 
resonances have changed to 1548nm and 1560nm, with FSR = 
12nm (1.5 THz) and Q-factor of 447. Obviously, in comparing 
the two structures, the microdisk based filter has a wider FSR, 
nonetheless the Q-factor is lesser. In addition, the transmission 
loss is 28% higher than the microring structure. 
IV. CONCLUSIONS
We have presented that the microresonators geometries have 
significant effects on the wavelength filter performance. The 
performance of the device via simulation can be improved if 
we prolonged the computation time. This work will continue 
with fabrication and characterization. For this purpose, the 
results provide here will be useful guidance before laboratory 
works are carried out. 
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